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Abstract

Introduction: Metabolic syndrome has been recognized as a predictor of
cardiovascular diseases. Epicardial fat tissue (EFT) thickness has recently
been shown to be a predictor of cardiovascular diseases in metabolic syn-
drome patients. Endocan is a novel molecule which is considered to be an
early marker of endothelial dysfunction. Our aim was to evaluate endocan
serum levels for the first time in metabolic syndrome patients, in relation to
EFT thickness.

Material and methods: The study included 44 patients with metabolic syn-
drome who had neither chronic kidney disease nor chronic inflammation
and 26 healthy controls. Fasting blood samples were obtained from the
groups. The serum levels of endocan were measured with a Sunred ELISA
kit. EFT thickness of patients was measured by echocardiography.

Results: The serum endocan levels were significantly lower in the metabolic
syndrome patients compared to the healthy controls (120.71 +90.17 pg/ml
vs. 414.59 +277.57, p < 0.001). Metabolic syndrome patients demonstrated
significantly higher EFT (p = 0.042). EFT thickness had a positive correlation
with age (r = 0.397, p = 0.008) and weight (r = 0.010). However, there was
no correlation with serum endocan (r = -0.021, p = 0.893) or other parame-
ters. Regression analysis revealed that waist circumference is the parameter
among metabolic syndrome criteria having the strongest relationship with
serum endocan levels (B = —-0.499, p = 0.21).

Conclusions: EFT thickness was high in metabolic syndrome patients and
can be a useful marker for cardiovascular risk assessment. However, serum
endocan levels were found to be low and there was no correlation with EFT
thickness. Large sample sized prospective studies are needed to clarify the
relation of endocan levels with the other clinical indicators of cardiovascular
risk in metabolic syndrome.

Key words: metabolic syndrome, adipose tissue, endothelium,
proteoglycans, epicardial fat tissue thickness.
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Introduction

Metabolic syndrome is a common disease char-
acterized by central obesity, insulin resistance,
dyslipidemia (elevated triglycerides and low-den-
sity lipoprotein (LDL) and decreased high-density
lipoprotein (HDL)), and increased blood pressure
[1]. The incidence of metabolic syndrome is insid-
jously increasing throughout the world, which is
alarming due to its cardiovascular complications
[2]. For this reason many studies and meta-anal-
yses focus on metabolic syndrome and its com-
ponents.

Increased visceral adipose tissue increases the
risk for endothelial dysfunction, which manifests
as high blood pressure, insulin resistance and dia-
betes and long-term cardiovascular risk [3]. Endo-
thelial dysfunction affects vascular homeostasis
through vessel wall vasoconstriction, leukocyte
adhesion, platelet activation, oxidative stress,
thrombosis, coagulation and inflammation [4]. It
is suggested that in the pathogenesis of athero-
sclerosis, endothelial dysfunction has a key role
from the early lesions to thrombotic complica-
tions [5].

Epicardial fat tissue (EFT) is the visceral fat
surrounding the heart that is found to be related
to obesity, metabolic syndrome, and cardiovas-
cular diseases [6]. Recently EFT was defined as
a metabolically active organ that releases both
anti-atherogenic (adiponectin) and atherogenic
(TNF-a, MCP-1) bioactive molecules, which are
associated with endothelial dysfunction [7]. Pre-
vious studies have shown that echocardiograph-
ic EFT measurement can be an indirect way to
demonstrate endothelial dysfunction and predict
high cardio-metabolic risk and should be a ther-
apeutic target [8].

Endocan, also known as endothelial cell-spe-
cific molecule-1 (ESM-1), is a soluble form of der-
matan sulphate, which is specific for the vascular
endothelium [9]. The role of endocan in vascular
protection and regulation of inflammation in-
duced endothelial dysfunction is recently striking.
It exerts its vasoprotective effect through inhib-
iting the adhesion and migration of leucocytes
across the endothelium and promoting vasodila-
tion. It interacts with lymphocyte function asso-
ciated antigen-1 (LFA-1) on the lymphocytes, thus
blocking the binding of intercellular adhesion
molecules ICAM-1, ICAM-2, ICAM-3 [10]. It is sug-
gested that this pathway play a key role in early
atherogenesis [11].

Therefore, we evaluated endocan level and EFT
thickness in a representative sample of patients
with metabolic syndrome and assessed the cor-
relation between serum endocan concentration
and EFT by two-dimensional transthoracic echo-
cardiography.

Material and methods
Subjects

This cross-sectional study included 44 subjects
with metabolic syndrome and 26 healthy controls
who were admitted to our internal medicine out-
patient policlinic. Criteria used for the diagnosis of
metabolic syndrome were those recommended by
the National Cholesterol Education Program. The
Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults — Adult
Treatment Panel Il (NCEP-ATP IIl), which is defined
by the presence of at least three of these compo-
nents: 1) increased waist circumference (> 102 cm
for men, > 88 c¢cm for women); 2) elevated tri-
glycerides (> 150 mg/dl) or use of triglyceride-low-
ering drugs; 3) low HDL cholesterol (< 40 mg/dl
in men, < 50 mg/dl in women); 4) hypertension
(> 130/ > 85 mm Hg) or use of antihypertensive
drugs; and 5) fasting glucose (> 110 mg/dl) or
use of antidiabetic drugs [12]. Exclusion criteria
were the presence of heart and systemic diseases:
ischemic heart disease, congenital heart disease,
heart valve disease, neoplastic, inflammatory, and
infectious diseases.

This study was performed according to the
guidelines of the Declaration of Helsinki, and it
was approved by the ethics review committee of
Istanbul Gaziosmanpasa Taksim Education and Re-
search Hospital. Written informed consent was ob-
tained from all patients prior to study enrollment.

Physical and laboratory measurements

The collection of anthropometric data (weight,
height, waist circumference) and measurement of
systemic blood pressure were obtained by phys-
ical examination according to standard proce-
dures. The body mass index (BMI) was calculat-
ed by dividing weight (kg) by height (m?). Waist
circumferences were measured in the horizontal
plane midway between the lowest rib and ili-
ac crest. Resting systolic and diastolic BP was
measured three times at 1-min intervals using
a standard mercury sphygmomanometer after
a 5-min rest. The average of the second and the
third readings were used in the analyses. Fast-
ing venous blood samples were collected in the
morning after at least 8 h of fasting. Serum cho-
lesterol, triglyceride, and high-density lipoprotein
cholesterol (HDL-C) were measured by enzymatic
colorimetric methods with commercially available
kits (COBAS 311, Roche Diagnostics GmbH, Mann-
heim, Germany), and low-density lipoprotein
cholesterol C (LDL-C) was calculated according to
the Friedewald formula. Serum glucose measures
were determined enzymatically using the hexoki-
nase method (Roche Diagnostics GmbH, Mann-
heim, Germany). Blood HbA, was determined
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with a COBAS 311 analyzer using the particle-en-
hanced immunoturbidimetric method (Roche
Diagnostics, Mannheim, Germany). Final results
were expressed as percent HbA of the total Hb
according to the protocol of the Diabetes Control
and Complications Trial/National Glycohemoglo-
bin Standardization Program (DCCT/NGSP). The
particle-enhanced immunoturbidimetric method
with a Behring Nephelometer BN-100 (Behring
Diagnostic, Frankfurt, Germany) was used to
measure C reactive protein (CRP). The sensitivity
of the test was 0.1 mg/l. Serum endocan levels
were measured with a Sunred ELISA kit (Sunred
Biological Technologies Human ECSM1/ENDOCAN
ELISA Kit, Catalog No: 201-12-1978, China). The
intra- and inter-assay variabilities of the ELISA kit
were 5.1% and 6.1% respectively. The minimum
detectable dose of endocan was 31.2 pg/ml.

Measurement of epicardial fat tissue by
echocardiography

Two-dimensional transthoracic echocardiogra-
phy was performed by an experienced cardiolo-
gist. Three measurements of the two-dimensional
parasternal long axis were performed. The mea-
surement of EFT thickness was done using the
DICOM system. The free wall of the right ventri-
cle was measured using the papillary muscle, at
end-diastole from the parasternal long-axis views
of 3 cardiac cycles using the aorta annulus for an-
atomic reference. We measured the thickest point
of the EFT and the mean value of the EFT thick-
ness was calculated [13].

Statistical analysis

Frequency, ratio, mean, minimum, maximum,
and standard deviation values were used in the
descriptive statistics to determine continuous vari-
ables. Student’s t test was used for comparison of
two independent and normally distributed vari-
ables. The Mann-Whitney U test was performed
for comparison of independent and non-normally
distributed variables. The x? test and Fisher’s ex-
act test were performed to determine differenc-
es between categorical variables. Multiple linear
logistic regression analysis was performed to de-
termine the effect levels of the parameters. Spear-
man’s correlation tests were used for the correla-
tion analysis. Statistical significance was assessed
at p < 0.05. Statistical analysis were performed
using MedCalc Statistical Software version 12.7.7
(MedCalc Software bvba, Ostend, Belgium; 2013).

Results
Characteristics of the study population

A total of 70 subjects were recruited to this
study (mean age: 55.7 +11.43 years, 34.1% male,

65.9 % female), while volunteers were recruited
as normal controls (mean age: 52.69 +8.1 years,
42.3% male, 57.7% female). Table | displays the
baseline characteristics of the participants. Met-
abolic syndrome patients demonstrated signifi-
cantly higher BMI (p < 0.001), waist circumference
(p < 0.001), systolic blood pressure (p = 0.001),
fasting blood glucose (p < 0.001), HbA (p <
0.001), triglycerides (p < 0.001), CRP (p < 0.001),
and EFT thickness (p = 0.042), compared to the
control group. The serum endocan levels were
significantly lower in patients with metabolic syn-
drome compared to the healthy controls (120.71
+90.17 pg/ml vs. 414.59 +277.57, p < 0.001) (Ta-
ble I). Multiple linear regression analysis was per-
formed in order to determine the factors associat-
ed with serum endocan levels. The model reveals
that metabolic syndrome parameters explain the
changes of serum endocan levels up to 28.7%.
Among the criteria of metabolic syndrome waist
circumference is mostly strongly associated with
serum endocan (B =-0.499, p = 0.21) (Table I).

Correlation analysis between EFT thickness
and clinical indicators

The mean value of EFT thickness in metabol-
ic syndrome patients was 6.3 mm. The mean EFT
thickness value of healthy subject was 5.2 mm
(Table 1). The p-value for the difference between
the two groups was 0.043, which was statistically
significant. To determine the association between
EFT thickness and other parameters, Spearman
correlation analysis was performed. As shown in
Table Ill, a positive correlation with EFT thickness
was observed with age (r = 0.397, p = 0.008) and
weight (r = 0.308, p = 0.010). No significant cor-
relations were found between EFT thickness and
systolic blood pressure (r = -0.069, p = 0.657),
diastolic blood pressure (r = 0.118, p = 0.446),
waist circumference (r = 0.212, p = 0.167), BMI
(r=0.150, p = 0.330), fasting glucose (r = 0.072,
p = 0.641), triglycerides (r = 0.202, p = 0.188),
HDL-c (r = -0.227, p = 0.139), or endocan
(r=-0.021, p = 0.893) (Table IlI).

Discussion

In the present study, for the first time serum
endocan levels and its associations with EFT thick-
ness were studied in metabolic syndrome patients
compared with healthy controls as a marker of en-
dothelial damage in this patient group.

Metabolic syndrome patients are more sus-
ceptible to cardiovascular complications than the
general population. Possible mechanisms are vis-
ceral obesity, glucose metabolism alterations and
endothelial dysfunction [14, 15]. Clinical deter-
minants of endothelial dysfunction recently have
been focused on anticipating atherosclerotic and
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Table 1. Clinical and biochemical characteristics of the patients in the study

Parameter Metabolic syndrome (n = 44) Control group (n = 26) P-value
Mean  SD/n (%) Mean % SD/n (%)

Age [years] 54.05 £9.09 52.5+7.98 0.41
Gender:

Male 15 (34.1%) 11 (42.3%)

Female 29 (65.9%) 15 (57.7%)
BMI [kg/m?] 34.02 +6.98 25.77 +3.38 < 0.001**
Waist circumference [cm] 111.9 £13.36 86.19 +11.31 < 0.001**
Systolic pressure [mm Hg] 134.89 +21.58 119.23 +9.81 0.001**
Diastolic pressure [mm Hg] 75.34 £12.96 70.96 +8.13 0.176
Fasting blood glucose [mg/dl] 168.89 £93.2 90.96 +11.12 < 0.001**
HbA, (%) 8.18 £2.74 5.52 +0.44 < 0.001**
Triglyceride [mg/dl] 222.57 £167.99 112.92 £54.09 < 0.001**
Total cholesterol [mg/dl] 219.11 +46.74 206.77 +38.36 0.213
LDL [mg/dl] 130.7 £37.08 130.19 £32.23 0.953
HDL [mg/dl] 47.2 £9.3 53.96 +13.94 0.114
CRP [mg/l] 5.75 +3.57 2.46 £2.22 < 0.001**
Epicardial fat tissue [mm] 6.3 £2.2 5.2 +1.1 0.043*

Mann-Whitney U, Student t, Fisher’s exact, Statistical significance: *p < 0.05, **p < 0.01, BMI — body mass index, LDL — low-density

lipoprotein, HDL — high-density lipoprotein, CRP — C-reactive protein.

Table Il. Multiple linear regression analysis of the
serum endocan and metabolic syndrome related

parameters
Parameter B P-value
EAT thickness 0.07 0.547
Systolic blood pressure -0.021 0.860
Waist circumference -0.499 0.021*
BMI 0.051 0.799
Fasting blood glucose -0.182 0.136
Triglycerides —-0.047 0.710
HDL-c 0.013 0.913

Statistical significance: *p < 0.05, **p < 0.01, BMI — body mass
index, EFT — epicardial fat tissue, HDL-c — high-density lipoprotein
cholesterol.

cardiovascular outcomes of metabolic diseases.
Assessment of endothelial cell function is based
mainly on measurement of vasoactive substances
released by or that interact with vascular endo-
thelium [16]. For this purpose, several markers of
endothelial damage and inflammation are being
investigated such as lipoprotein associated phos-
pholipase A2 [17], 13-hydroxyoctadecadienoic
acid (13-HODE) [18], CD40 receptor/CD40 ligand
interaction [19], LOX-1 [20] and circulating endo-
thelial progenitor cells [21].

Endocan is a soluble proteoglycan which is ex-
pressed by endothelial cells mainly in the lung,
liver and kidney, and recently was found to be on
malignant cells [22]. It is suggested that synthesis
and secretion of endocan are primarily regulated
by tumor necrosis factor (TNF), interleukin-1 and
lipopolysaccharides [23]. Endocan is suggested
as a marker for vascular pathogenesis [24]. We
observed lower serum endocan levels in patients
with metabolic syndrome compared to the healthy
controls (Figure 1). Our results differ from the re-
sults obtained in the previous studies with en-
docan which demonstrated high endocan levels
in cardiovascular disease, neoplasms, and sepsis
[25]. In a recent meta-analysis, the highest levels
of serum endocan were reported in patients with
known cardiovascular disease (CVD), which sug-
gests a close association with CVD [26]. On the
other hand, our study is the first which investi-
gates serum endocan in metabolic syndrome pa-
tients in association with EFT thickness. Our re-
sults seem contradictory to the literature; indeed
our metabolic syndrome patients do not have
a previous cardiovascular disease history, which
may explain the low levels of endocan in the pa-
tient group. On the other hand, we do not have
enough data about the drug and serum endocan
relationship that may interfere with endocan se-
rum concentration.
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Table Ill. Correlation between epicardial adipose
tissue thicknesses and characteristics of patients
with metabolic syndrome

Parameter Value
Age [years] r 0.397
p 0.008*
SBP [mm Hg] r -0.069
p 0.657
DBP [mm Hg] r 0.118
p 0.446
Weight [kg] r 0.308
p 0.042*
WC [cm] r 0.212
p 0.167
BMI [kg/m?] r 0.150
p 0.330
Fasting glucose [mg/dl] r 0.072
p 0.641
TG [mg/dl] r 0.202
p 0.188
HDL-c [mg/dl] r -0.227
p 0.139
Endocan [pg/ml] r -0.021
p 0.893

BMI — body mass index, WC — waist circumference, SBP — systolic
blood pressure, DBP — diastolic blood pressure, TG — triglycerides,
HDL-c — high-density lipoprotein cholesterol. Statistical significance
p < 0.05% p < 0.001**. Spearman’s rho.

It was demonstrated that endocan, previously
called endothelial cell specific molecule-1 (ESM-1),
is also present in adipose tissue; however, ESM-1
adipocyte gene expression and circulating plasma
levels are not correlated. Moreover, in the same
study, Janke et al. found lower serum endocan lev-
els in overweight and obese women when com-
pared to lean women, similar to our results in
metabolic syndrome patients. They hypothesized
that due to loss of a vasoprotective factor, obe-
sity could be associated with decreased ESM-1
formation in adipose tissue and decreased endo-
can levels in plasma [27]. In the same manner we
found that waist circumference is the factor most
strongly associated with serum endocan among
metabolic syndrome criteria. Increased waist cir-
cumference is found to be associated with low
serum endocan levels, which supports the find-
ings of Janke et al. Other data from a recent study
revealed low serum endocan levels in metabolic

Endocan [pg/ml]

| [L] I

R E—

Patients of Mets Healthy subjects
Figure 1. Serum endocan levels according to the
presence of metabolic syndrome (Mets). Mean
serum endocan concentration in patients of Mets
was 120.71 +90.17 pg/ml. Mean serum endocan
concentration in healthy subjects was 414.59
+277.57 pg/ml (p < 0.001)

syndrome patients with hepatosteatosis [28]. Ac-
cording to our results and previous data, we can
speculate that sites other than adipose tissue
may dominate endocan serum levels.

Epicardial fat tissue is a specialized type of
visceral fat tissue located between the myocardi-
um and pericardium that shares coronary blood
supply. It is related directly to cardiovascular dis-
ease development under pathological circum-
stances through triggering vasocrine or paracrine
secretion of proinflammatory cytokines [6]. EFT
thickness is found to be associated with pro-ath-
erogenic biomarkers such as leptin, angiotensin
Il and nitric oxide, which results in endothelial
damage through generation of reactive oxygen
radicals [29]. Moreover, EFT can exert a mechani-
cal effect on coronary arteries that leads to expan-
sion of the coronary arteries with atherosclerotic
lesions [30].

Visceral fat tissue plays an important role in the
development of metabolic syndrome. Studies sug-
gest that EFT thickness measurement is a reliable
indicator of visceral obesity, which enables the
use of EFT thickness in cardiovascular outcome
prediction of metabolic syndrome patients [31,
32]. In the light of these data we investigated the
associations between EFT thickness and clinical
indicators of metabolic syndrome. EFT was thicker
in subjects with metabolic syndrome than those
without metabolic syndrome (6.3 vs. 5.2 mm, p =
0.043). EFT thickness can be assessed by echocar-
diography, cardiac magnetic resonance imaging
(MRI) and multidetector computed tomography
(MDCT) [33]. Recent studies demonstrated asym-
metric distribution of EFT and hypothesized that
the importance of the EFT thickness may vary ac-
cording to the regions [34]. In a similar manner,
Song et al. demonstrated that EFT thickness calcu-
lated by MDCT, especially in the left atrioventric-
ular groove (LAVG), is associated with metabolic
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syndrome [13]. Different threshold values for EFT
thickness are mentioned until today. In 2013 the
cut-off point of EFT thickness for predicting met-
abolic syndrome in Venezuelan population was
suggested as more than 5 mm [35]. Lacobellis
et al. found that the thickness of the epicardial
fat tissue on the right ventricle varies between 4
and 17.4 mm in obese patients [36]. Our echocar-
diographic measurements of EFT thicknesses are
similar to most of the other studies in this field.

EFT thickness is found to be correlated with age
and weight but not with BMI, waist circumference
or other parameters of metabolic syndrome. There
are various data about the EFT thickness and BMI
association. Some of them suggest a strong rela-
tion between BMI and EFT thickness [37]. Howev-
er, Lacobellis et al. suggested that EFT thickness is
related to regional distribution of fat tissue more
than BMI[36]. Similarly, in a recent study EFT thick-
ness was found not to be related with BMI and
suggested that EAT is more significantly related
to systemic inflammation and subclinical athero-
sclerosis than BMI and waist circumference [37].
In contrast, Xhiong Chen et al. found lower BMI
values associated with EAT thickness in a diabet-
ic Chinese population, supporting the hypothesis
that EFT thickness is not related to subcutaneous
fat [38]. Actually, both individual and ethnic dif-
ferences in distribution of adipose fat tissue may
explain the confounding results in the literature.

The first limitation of our study is the relative-
ly small sample size. The second one is the lack
of data about the abdominal visceral fat tissue
amount. Previous studies suggested that different
distributions of ectopic fat tissue may be associated
with various degrees of cardiometabolic risks [39,
40]. Third, precise measurement of EFT thickness
with echocardiography is difficult due to anatomical
variations, especially in obese patients, which can
explain the different results in the literature.

In conclusion, serum endocan concentrations
are low in metabolic syndrome patients. EFT thick-
ness is higher in metabolic syndrome patients in
comparison to healthy controls, which enables us
to perform cardiovascular risk assessment. How-
ever, the lack of evidence of a correlation between
serum endocan concentration and EFT thickness
necessities further studies elucidating the role of
serum endocan levels in cardiovascular risk man-
agement in metabolic syndrome patients.
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